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 INTRODUCTION 
Cognitive profiles associated with Williams and Down syndromes
The genetic conditions Williams syndrome (WS) and Down syndrome (DS) are characterised by roughly opposing ability profiles. Individuals with WS display relative verbal strengths alongside impairments on visuospatial tasks (Bellugi, Korenberg, & Klima, 2001; Pani, Mervis, & Robinson, 1999) , particularly those involving a constructive element (Hoffman, Landau, & Pagani, 2003) . Saccadic abnormalities (Brown et al., 2003; van der Geest, et al., 2004) , and problems with location encoding (Farran & Jarrold, 2005) , as well as the perceptual grouping of elements (Farran, 2005) , have all been suggested as contributory factors with regard to these spatial difficulties, while vulnerability of the dorsal stream -a brain region thought to mediate the processing of spatial location and movement (Milner & Goodale, 1995) -has been implicated at the neurological level (e.g. Atkinson et al., 2003; Galaburda & Bellugi, 2000) . Individuals with DS show linguistic impairments, particularly in expressive language (e.g. Chapman, 2003) , with verbal functioning reported to be below overall cognitive level (e.g. Vicari, Caselli, & Tonucci, 2000) . These patterns have been reflected in short-term memory performance: individuals with WS show impairments in comparison to matched comparisons on visuospatial, but not verbal, measures (Jarrold, Baddeley, & Hewes, 1999; Robinson, Mervis, & Robinson, 2003) ; whereas individuals with DS display difficulties recalling verbal, but not visuospatial, material (e.g. Brock & Jarrold, 2005; Visu-Petra, Benga, Ţincaş, & Miclea, 2007) .
Executive function in Williams and Down syndromes
Investigations into the performance of both groups on measures of executive function (EF) -a frontally-mediated cognitive skill set conceptualised by Anderson (1998) as "those skills necessary for purposeful, goal-directed activity" (p. 319) -have indicated difficulties in this area. For example, individuals with WS and DS show poor performance in relation to matched typically-developing (TD) individuals and task norms (Lanfranchi, Jerman, Dal Pont, Alberti, & Vianello, 2010; Porter, Coltheart, & Langdon, 2007; Rhodes, Riby, Park, Fraser, & Campbell, 2010) . However, studies have not generally acknowledged verbal/visuospatial task modality as a potential contributing influence. This is surprising when the ability profiles associated with each population are considered. Furthermore, EF performance has been used to make general claims regarding different populations' cognitive proficiency. It has also been related to a range of outcomes in both populations, such as adaptive functioning in WS (Rhodes et al., 2010) and theory of mind performance in DS (Zelazo, Burack, Bennedetto, & Frye, 1996) , as well as suggested as a possible indicator of cognitive decline in those with DS (Adams & Oliver, 2010; Rowe, Lavender, & Turk, 2005 ). Factors such as task modality, which may influence performance in populations with uneven ability profiles, thus assume greater importance when the potential theoretical and prognostic significance of EF is considered.
The few studies to examine the effect of verbal/visuospatial modality on EF performance in either population have provided some evidence to support this view. With regard to WS, Menghini, Addona, Costanzo, and Vicari (2010) found a specific visuospatial set-shifting impairment, and Atkinson et al. (2003) observed a relative difficulty with visuospatial, but not verbal, inhibition. Correspondingly, Lanfranchi, Cornoldi, and Vianello (2004) suggested that ELWM skills in individuals with DS may be marginally more compromised with regard to verbal stimuli.
Although these findings are compatible with literature on the respective difficulties associated with each condition, differences in samples (Atkinson et al., 2003; Lanfranchi et al., 2004) and comparison methods (Atkinson et al., 2003) employed across experimental tasks mean that they should be interpreted with caution. Furthermore, many of the previously used tasks were not sufficiently 'pure' in terms of their verbal and visuospatial requirements. For instance, the Trail Making Test used by Menghini and colleagues to assess non-verbal set-shifting employed alphabetic and numeric stimuli which could be verbally labelled.
Overview of current study
The current study involved the administration of verbal and visuospatial EF task pairs which were analogous, in that processing requirements were as broadly similar as possible across modalities. Tasks within four established EF domains -ELWM, inhibition, fluency and setshifting -were administered to individuals from both clinical populations (DS, WS), to assess potential differences in modality-specific EF performance. These EF domains were selected because they have been identified as key frontal/executive skill areas (Lehto, Juujarvi, Kooistra, & Pulkinen, 2003; Miyake et al., 2000) . Individual matching of children between the groups was not undertaken, due to the uneven ability profiles associated with WS and DS; matching participants on any overall cognitive measure may not account for finergrained verbal and visuospatial differences between groups (Farran & Jarrold, 2003 
EF measures
Executive-loaded working memory. ELWM was measured using two tasks requiring concurrent processing and storage. Verbal ELWM was assessed using an adapted version of the Listening Span task (Leather & Henry, 1994) . Participants judged the veracity of orally presented sentences, before recalling the final single-syllable word of each. Span length (i.e.
the number of sentences presented before recall) increased from 1 to 4, with progress dependent on 4/6 trials correct at each level. Numbers of trials at each span level were increased from three in the original version to six, to provide greater task sensitivity. The internal reliability of the task was assessed by calculating correlation coefficients between span scores based on each trial at each level, and total span score (for other examples of this approach see Engle, Tuholski, Laughlin & Conway, 1999; and Henry & MacLean, 2002) .
Internal reliability was moderate (mean: τ=.51). Trials correct (max: 24) were scored, as such scores are more reliable and sensitive than memory span (Conway et al., 2005; Ferguson, Bowey, & Tilley, 2002) .
The visuospatial ELWM test was a modified version of the Odd-One-Out test (Henry, 2001) .
Participants identified the 'odd one out' from horizontal arrays of three abstract figures, before recalling the location of this figure using a blank response board. Trials initially involved one array being presented prior to recall, and progressed to four arrays. Six trials were given at each of these levels, with progress dependent on answering 4/6 correctly.
This was raised from three trials in the original task in order to give greater sensitivity.
Arrays were presented on 7"x2" laminated cards. Response boards were laminated A4 cards depicting the relevant number of blank arrays. An example array is given in Figure 1 .
Moderate internal task reliability, calculated in the same fashion as described above, was found (mean: τ=.45). Trials correct (max: 24) were scored.
INSERT FIGURE 1 ABOUT HERE.
These tasks have been said to load onto the central executive, rather than tap simple recall skills, as they incorporate both processing and storage demands (e.g. Alloway, Gathercole, Adams, 2004) . It has been claimed that it is this concurrent requirement which specifically demands the recruitment of executive resources (e.g. Baddeley & Logie, 1999; Gathercole, Pickering, Ambridge & Wearing, 2004) .
Inhibition. This was assessed using a shortened version of the Verbal Inhibition, Motor Inhibition (VIMI) task employed by Henry, Messer and Nash (2012) . For the verbal part, the experimenter said either "doll" or "car", with participants copying for 20 trials, before producing the opposite response for 20 trials i.e. say "doll" if the experimenter said "car" and vice versa. This was followed by a second 'copy' block and a second 'inhibit' block, using the same stimuli. The visuospatial task was the same, with the words replaced by two different hand movements; a pointed finger and a clenched fist.
The original VIMI involved two 80-trial blocks in each task; this was halved following piloting with TD 5-year-olds as they found it difficult to maintain focus. Each 20-trial block was timed using a stopwatch. Two scores -total errors made (max: 80) and total time taken -were recorded for each task. Internal reliability was calculated by comparing the first 40 trials with the second 40 trials, for both the verbal and visuospatial task, and was moderate (errors -verbal: τ=.51; visuospatial: τ=.67; time -verbal: τ=.55; visuospatial: τ=.63 ).
Fluency. Verbal fluency was measured using the semantic component of the Word
Generation measure from the NEPSY-II test battery (Korkman, Kirk & Kemp, 2007) .
Participants generated as many exemplars as possible from a given category within 60 seconds. Two trials were given, animals and food/drink. Overall number of correct responses and overall number of repeated items were scored. Correct responses were items produced which belonged to the required semantic category and which had not been previously given within the trial. For the animals trial, names of different breeds within the same species (e.g. "terrier, Rottweiler"), different genders of the same animal (e.g. "cow, bull"), names referring to the same animal at differing stages of development (e.g. "dog, puppy"); and easily recognisable mythical creatures (e.g. "Pegasus, unicorn, dragon") were counted as correct. Similarly, distinct variants of the same core item (e.g. "lemon chicken, cashew chicken") and variants of the same dish (e.g. "beef stew, chicken stew") were counted as correct responses on the food/drink trial, as were any distinct brand names given (e.g.
"Fosters, lager"). Words which could feasibly be given for either category (e.g. "fish, chicken") were counted as correct within each condition, provided they had not already been produced within that condition.
Repetitions constituted any generation of a previously-given item. As well as items identical to those given previously, these included pluralisations (e.g. "tiger, tigers"), as well as diminutive terms (e.g. "pig, piggy") and previously generated items preceded by an insufficiently differentiative adjective (e.g. "bear, big bear" As the D-KEFS is recommended for children of 8 upwards, and the MAs of many of the current sample were lower than this, the task was modified. The 'four lines per design' rule was lowered to three, in order to lessen cognitive load, and more modelling provided during instruction. Overall correct designs and repeated designs were scored. Internal validity was moderate to high; τ=.59 for correct designs on the two conditions, τ=.81 for Filled Dots and overall correct designs, and τ=.83 for Empty Dots Only and overall correct designs.
Set-shifting. Verbal set-shifting was assessed with a measure based on the Category
Switching subtest from the D-KEFS, in which participants give exemplars from two alternating semantic categories for 60 seconds. The original task was modified in two ways. 
Administration
Participants began by undertaking the ABIQ. EF tasks were then given in the fixed domain order of inhibition, ELWM, fluency and set-shifting, with modality alternating. The exceptions to this were the fluency and set-shifting measures. These were administered consecutively from the same modality because set-shifting performance in each was contingent on performance during the corresponding (non-switching) fluency measure.
All participants were tested in a quiet room, with no extraneous visual/auditory environmental distractions or influences. Testing of the WS and DS groups took place at participants' homes, across one or two sessions, while testing of TD participants took place at school, across three or four sessions due to curricular demands. Participants were permitted to take a break whenever they wished; children with WS or DS who were tested in one session generally opted to take one or two breaks. The entire battery took around 70 minutes to administer. Table 2 gives scores on each of the EF measures. Hierarchical multiple regression analyses were carried out entering age and IQ variables first to control for their influence. Separate regressions were conducted with each of the EF measures in turn as dependent variables. In all models, chronological age (CA) in months and ABIQ verbal and non-verbal IQ (VIQ/NVIQ) raw scores were entered at Step 1. Although separable verbal and non-verbal MAs would have been more desirable for the analysis, these are not calculable from ABIQ component scores. In order to assess whether they were group differences after age and IQ had been taken into account, dummy-coded group variables for the WS and DS groups were entered at Step 2. The TD children were always the reference group, so note that direct comparisons between the WS and DS groups were not undertaken. Regression models were constructed in this way as it was felt that a comparison of both groups with typical performance, rather than each other, would be more instructive.
RESULTS

INSERT TABLE 2 ABOUT HERE.
Significant group differences were found for at least one measure in all four EF domains, as indicated by significant R 2 change statistics at Step 2 of the regression models. Table 3 summarises the key statistics for Step 2 of each regression model, illustrating the beta values for the control variables (entered at Step 1) as well as for the dummy-coded group variables (entered at Step 2). All models reported underwent key statistical checks (e.g. ViF statistics, Durbin-Watson, Cook's/Mahalanobis distances, plots of standardised residuals) which indicated independence of errors, lack of multicollinearity, and the absence of cases with undue influence and/or outliers (Field, 2005) .
In terms of group differences, individuals with WS obtained significantly lower scores than the TD group on four EF tasks. First, they obtained lower scores on visuospatial, but not verbal, ELWM 2 (see beta-values for WS vs. TD group dummy-variable in Table 3 ). Secondly, they showed weaker performance on visuospatial fluency in terms of number of correct designs generated and on visuospatial inhibition in terms of time taken. Thirdly, the WS group made a higher number of errors than TD individuals on the verbal inhibition task.
Lastly, the WS group showed a significantly greater verbal set-shifting cost than the TD group, in terms of the number of repetitions generated. In sum, individuals with WS showed the predicted modality-specific visuospatial difficulties for ELWM and fluency. Inhibition was impaired in both modalities, somewhat counter to predictions, and there was a difficulty with verbal switching that was not predicted.
Individuals with DS showed significantly poorer performance than the TD group on three EF tasks. They had lower scores on both the verbal ELWM and visuospatial ELWM measures (see beta-values for DS vs. TD group dummy-variables in Table 3 ). Individuals with DS also showed a verbal set-shifting repetition cost: i.e. a greater tendency to perseverate, once a set-shifting requirement was introduced, in comparison to the TD group, than would be expected on the basis of verbal fluency performance. In sum, the predicted modalityspecific EF difficulties were found for switching in individuals with DS, but no modalityspecific difficulties were present in the other executive areas. ELWM was impaired on both verbal and visuospatial tasks, somewhat counter to predictions.
INSERT TABLE 3 ABOUT HERE.
DISCUSSION
Individuals with WS and DS displayed a number of EF difficulties compared to TD children.
Analyses controlling for verbal IQ, non-verbal IQ, and CA indicated that individuals with WS showed poorer performance than the TD group on at least one EF measure in all four domains tested (ELWM, fluency, inhibition, set-shifting), while individuals with DS displayed difficulties in two domains (ELWM and set-shifting perseveration errors).
With regard to the experimental hypotheses, the WS group displayed the predicted visuospatial difficulties in three EF domains -ELWM, inhibition and fluency. However, the difficulties with inhibition also extended to the verbal task and this was not predicted. Our inhibition tasks were clearly challenging for young people with WS whether verbal or visuospatial in nature. Also against predictions, the WS group showed verbal but not visuospatial set-shifting difficulties.
The DS group showed the predicted verbal difficulties on ELWM and set-shifting, but the difficulties with ELWM also extended to the visuospatial task, which was counter to predictions. Individuals with DS did not differ from the TD group in the domains of inhibition and fluency, regardless of task modality. These results suggest that while task modality does influence the EF performance of individuals with WS and DS, its effect is variable across EF domains. Furthermore, individuals with WS were more affected by task modality, in comparison with typical performance, than individuals with DS. These patterns suggest that executive profiles in each population may be syndrome-specific.
Williams syndrome
The relatively weaker visuospatial performance on ELWM and fluency tasks by the WS group was in line with this population's ability profile. While this indicate that the performance of individuals with WS in these areas may be ultimately underpinned by dorsal stream vulnerability, future work should attempt to not only establish whether general populationspecific verbal weaknesses exist in these domains, but also specify, at a finer-grained level, which particular aspect of visuospatial task demand is problematic e.g. a problem with perceiving the spatial relationships between elements on each task, which may in turn give rise to difficulty planning and/or executing an appropriate motor response.
With regard to the other two EF domains tested, relative verbal strengths were not observed. Firstly, individuals with WS displayed problems on both the verbal and visuospatial inhibition tasks. As well as investigating the replicability of these findings, future studies should address two issues. The first of these is whether or not poorer performance than the TD group on both modalities reflects the same underlying difficulties; the finding of lower verbal accuracy, but longer visuospatial reaction times, suggests that they do not. In addition, the relationship between weakened inhibitory skills and heightened social behaviour, suggested by some authors (e.g. Porter et al., 2007) , should be further investigated. If, as is suggested by the present data, individuals with WS display problems with inhibiting a range of responses, then the role which this may play in the manifestation of an increased social drive should be examined.
Secondly, analysis of the set-shifting task revealed greater verbal, but not visuospatial, repetition costs than the TD group. This was surprising, given the verbal strengths associated with WS. One explanation may stem from the suggestion that switching performance may be linked to inhibitory skill (e.g. Davidson, Amso, Anderson, & Diamond, 2006) ; the switching difficulties observed in individuals with WS may thus be underscored by the verbal inhibitory problems observed in this group. Alternatively, or as a result of these difficulties, this may highlight a higher-order problem with everyday verbal performance, one which may be compounded by rapidly shifting semantic/conversational contexts. For example, individuals with WS have been associated with perseverative and dysfluent conversation (Tarling, Perkins, & Stojanovik, 2006) ; future work could address the relationship between these problems and the frequent conversational breakdowns and/or shifts in topic which these authors have suggested may characterise the conversational profiles of some individuals with WS.
Down syndrome
The lack of DS/TD group differences on the inhibition and fluency tasks indicates that these skills may develop, in individuals with DS, in line with overall cognitive development.
However, the verbal and visuospatial ELWM difficulties suggest delayed and/or abnormal development in this domain, and resultant problems with everyday tasks requiring concurrent storage and processing. These findings are in line with the verbal and visuospatial complex memory problems reported by both Lanfranchi et al. (2004) and Vicari, Carlesimo, and Caltargirone (1995) , although it should be acknowledged that both of these studies employed a different statistical approach to the current study. Nevertheless, the difficulties suggested by the current findings may have potential educational implications, as it has been suggested that these skills are related to progress in reading, spelling and mathematics in typical children (e.g. St Clair- Thompson & Gathercole, 2006) . However, as ELWM difficulties in individuals with DS have not always been observed in relation to matched TD controls (e.g. Pennington, Moon, Edgin, Stedron, & Nadel, 2003) , this area requires further investigation.
The verbal set-shifting difficulties shown -a greater propensity for repetition than the TD group, in the face of a switching requirement -may indicate that the influence of task modality on the performance of individuals with DS is mediated by task complexity; setshifting has been suggested to be one of the more cognitively taxing executive domains, recruiting both inhibition and working memory (Davidson et al., 2006) . Individuals with DS may only present with specific verbal executive deficits when tasks are more demanding.
Further studies employing a wider variety of "higher order" EF tasks than those used here would, however, be necessary before this notion could be satisfactorily addressed.
Limitations and possible future directions
A possible limitation of the current study was that visuospatial EF performance may have been influenced by verbal mediation, i.e. the use of verbal strategies for self-regulation.
Although we cannot directly test whether this occurred, verbal IQ was rarely related to our visuospatial executive measures, with the exception of ELWM trials correct (negative relationship) and inhibition errors (positive relationship). Although the latter finding -higher verbal IQ predicting a higher number of visuospatial inhibition errors -may indicate that the application of verbal strategies may be detrimental to performance on some tasks, the possibility that participants were using such strategies, such as verbal self-reminding (Russell, Jarrold, & Hood, 1999) (Noble, McCandliss, & Farah, 2007) , level of parental education (Ardila, Rosselli, Matute, & Guajardo, 2005) , disciplinary environment (Talwar, Carlson, & Lee, 2009 ) and the physical characteristics of the home environment (Faber Taylor, Kuo, & Sullivan, 2002) . Such variables may also influence the cognitive performance of individuals with genetic syndromes. Similarly, although groups
were not equated on gender composition due to recruitment outcomes and the desire that group sizes be as high as possible, future studies in this area may wish to do this, due to evidence suggesting possible links between EF performance and gender in both typical (Anderson, Anderson, & Garth, 2001; Karapetsas & Vlachos, 1997) and atypical (e.g. Newcorn et al., 2001) populations.
Lastly, as the visuospatial EF measures employed all involved the production of a motor response, it can be argued that the present study may have been strengthened by incorporating a measure of basic motor skill, and controlling for this in the subsequent regression analyses. This would be justified by suggestions that individuals with WS may have specific difficulties with the planning and execution of motor activity, possibly due to compromised dorsal and frontoparietal circuitry (e.g. Atkinson et al., 2003) , and that motor skills in individuals with DS may follow an abnormal, or delayed, passage of development (see Vicari, 2006 , for a review). However, as it would be reasonable to expect that compromised motor skills would feed into performance on visuospatial EF tasks with motor response demands, it remains to be seen whether studies involving these can successfully address basic motor skills as a separable component. Despite this concern, any attempt to incorporate a measure of basic motor skills begin to elucidate the extent to which impairment in these processes may impact performance on higher-order visuospatial cognitive tasks.
CONCLUSIONS
Individuals with WS and DS showed a range of executive difficulties that varied according to EF domain and task modality (verbal/visuospatial). Those with WS showed more EF difficulties, in comparison with the typical group, than those with DS overall; they were also more affected by EF task modality, although this did not always manifest itself in the predicted relative verbal strengths. Furthermore, the pervasive single-domain difficulties experienced by each group -inhibition for individuals with WS, ELWM for individuals with DS -suggest task modality may not always be the most important influence on EF. The data indicate a level of syndrome specificity in relation to EF, and emphasise the importance of using as broad a range of cognitive tasks as possible when assessing the skills of populations with uneven ability profiles. However, further work is needed in order to establish the crossmodality nature of EF skill profiles in each group. 
